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This in th§ second progress report to be submitted on thia pro Ject.
It desoribes the work done on & pulss modulstion aystom. A unit
using pulse amplitude modulation was invaestigated es a means of
communication with s view towsrd secupity end efficlency. The
design and testing of the units on a syhﬁem banie is dlscussed,

DISCUSSION
The following are some of the design considerations t aken Into
account during the devslopment of the circults,

Pulee smplitude modulation coneists of & progess whereln the
arplitude of @ pulse scarrier, is varied in accopdence with the

value of sn sudle modulating wave.

The Nyquist criterion for sampling a signal states that in order
to determins uniquely the velue of the ssmpledwsve st all tlwes,
the minimum sempling rate required is two pulse samples per audio
eycle, Thla squipment was dosigned on a more conssrvetive basia,
in which the ratio of pulass vepstition rate to highest audlo
frequency wae 2.5, This had the advantoge of siemplifying the |
necensary filters at the demodulator, and accommodated an audio
fraguency dend of 3200 cycles psr secand.

one sdvantage ivherent in pulse modulation systems 42 the uss
of & high ratio of peek to averags power for more efficient
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operation of the transmitter, In this application the pulse
cycle was designed for an interval of 125 micraseconds, and

the pulse width was 10 microseconds. This resulted in a trans-
mitter duty cycle of 8 percent, which would permit a peak
power on the order of 12,5 times the average power used in con-
ventional amplitude modulation systems., Theoretica;ly the pealk
power could be increased still further, as the pulse duraticn"
is reduced, while mainteining e fixed averasge power out of the

transmitter.

The major disadvantage of pulse modulstion systems is the
bandwidth requirement, The conventional amplitude and froe
quency modulation systems have a bandwidth determined by the
audio side bands, Pulss system bandwidths are determined on a
more critical basis, Once the pulse 13 modulated with the sudio
signal, the video stages following the modulator must have a

frequency response determined by the rise time of the pulse.

For this eguipment, the pulse was designed with a rise time of
0.5 microseconds, as measured from the 10 percent to 90 percent
emplitude pointa; In order to pass thig pulse without dig-
torting the vave shaPE, a video amplifier with a frequency
response of 1 megacycle would be required, In a2 similar manner

the transmitter output bsndwidth would be 2 mogacycles, Thia
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could bs confined to 1 megacyels If single side band trang-
micslion was utilized, but this in turn would require critical
filtering at the transmitter,

Particularly in pulse amplitude modulation, the use of wider
frequency bands do not improve signal-to-noise ratio, Theo-
retically, with a fixed average transmitter power and noise that
has a uniform power density spectrum over the acceptance band,

& greater frequency range affords no improvement in signal-{o-

noise ratio.

Tho theorotical minimum bandwidth 1s defined as that required
for the audio side bands in a conventional modulation systenm.
For the condition whers peak instead of average power is uti-
lized, whenever the bandwidth occupled by a pulse amplitude
modulation system exceeds the theoretical minirum, the resulting
signal-to-noise ratio is less, The wider the band, the smaller
is the ratio. Thus, for a specified signal-to-noise ratio at
the output of the s8ystem, more peak power 1s required as the
band is widened. Howdver, elthough s wider band implles a larger
gignel nower, other requirsments are eased. This follows since
the distortion tends to become unreasonably severe unless the
occunied band is wide enough to accommodate the pulse rise time,

vhich is considersbly wider than the theoretical minimum,
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There are several methode of pulse amplitude moduletion gvail-
gble. These include single polarity pulses, double nolarity
pulses, sinrle polarity flat-top pulees, and Gouble polority
flat-top pulses, The first method, single polarity pulses was
chosen Tor thls epplication because of the rclative simpliclty
of ths nodulator. e wave shapes of this forn of modulation
are demonstrated in the oscillograms included in this weport.
The greatest disadvaniage of pulve amplitude moculetlion &8s cone=
pared to the other pulse modulution systems, concerns signal-
to~noise ratio. The other types of pulse modulation involve a
pulse of constant amplitude., Thus, as they pass through the
recciver and plok up noise, the pulse czn be treated by clipping
and shaping at various stages to improve signal-to-noiﬂe ratio.
“he ". A. M, systen in contrast has the best sirnal-to-noise
ratio at the first stage of the receiver; the following stages
can only cause deterioration, and there is no means of noilse

1imiting applicable to the system.

TOUIPVMENT ~ID TESTS

The transmitter end receciving equipment were completed in this

period, and tests were made on & system basis.

Figure 1 represents a block aiagram of the entire trensmitter,
which actually cormrises tWO units, the nodulator and the R.7.

chassis.
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Rafarence te the oaaillographa ag 1abeled indicates bhe
functioning of the stagaa in the sy%tem.

* 1}' Point A - The 'posuive pulse at one plate of the
' twin triode funeticning a8 & free running
multivibvauora

':2) ;?oinp,a - ihe other pkate of the ﬁnltivibrgéor;ffhis
is a negativegpnlse andvis thé,ona.uéedzéﬁ

a sourcs,

3) ?ant C « The output of the sh&per;‘Thia was a we11
| | formed pulse. "It has the positive gdié; |
| rity neceasary to gate the following stagé.
The 0.5 microsecond rise time and the 10
mlerosecond pulse width were clearly
derionstrated. This puiae was applied to
the limiter grid of the modulator.

4) Point D - The audio signal spplied to the quadrature
grid of the modulator. This was provided
by an eudle oscillator, and functioned as

 the modulating signal.

S) Point £ - The modulator output. The modulation
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envelope was well represented. The pulse.
repetition rate ﬁas clearly'inﬂicéted as
8000 eyoles per second. The percentage of

_mgdulatian was approximately 50 percent, but
this could be readily adjusted by the
separate bias controls on the two grids af
the modulator. It was also possible to
ad Just these blas controls so that there
would be n§ ouﬁput unless a modulating

- signal was present. This in turn would re-

- sult In no transmitter output unless a

“ | slgnal was to be communicated. This

s - _: modulatedvpﬁlse was @éaentially ths output

of the modulator chassis.

6) Point F - fThe outputiof the video amplifier as seeﬁ
at ﬁhe,aecandarylof & pulse transformer,
This was a pulse without aﬁdﬁa modulation,
It demonstrated pulse shape after passing
through a transformer, and before being |
applied to the final R‘F;-aﬁplifier.

7) Point G - The R, F, output of the buffér amPlifief
4s seen at the grid of the power ampiifier
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without pulse applied, This demonstrated
the R, F. frequency of the crystal oscillator,

Compoaite pleture of the R,P, superimposed

on the pulse, The pulse was not audio
modulated in order to demonstrate more clearly
the type signal spplied to the grid of the
power amplifier as grid modulation.

Output of transmitter as a radiated signal,
In thls osclllograph was summed up many of
the features of pulse amplitude modulation,
namely: Transmitter duty cycle, pulse
repetition rate, modulating signel and
percentage of modukation,

Enlargement of pulse shape at output, with
R.¥., modulation but without auvdio modulation

for picture simplicity.

Flgure 2 represents a block diagram of the entire receiver. This

actually comprises three units; the first four stages of a com-

moercial Hammarlund communications receiver, a small victoreen

chassls that plugged Into the last I.FP., amplifier of the receiver,

and a demodulator chassis,
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The transmitted signal was received within the confines of a
rOoom; no téét of range was undertaken. The signal was 1na:
telligible and was transmitted with a frequency respénsa in
accor&aneavwith the design, and ﬁifh acceptable fidelity., Of
ma jor éignifieance was the fact that the signal was recciﬁed by
an ordinary communications receiver as well as the épeeifieaily
designed réceiver unit. ' This clearly Indlcated that there was
‘no security with a cénventienal type of pulse amplitude modulated
sysﬁeﬁ.‘i:ﬁaverthaless, it 1s:péssible to combine systems for
'a&éﬁticnai Securiéy, such as ampiiéud@ modulated puising»pf-an
F.H, transmitter. ' |

11) Point I - Output of thé;pre~§elector.' At thig
| point the effect of narrow bandwidths bee-

comes apparent, The pulses have been |
greatly.mia-éhape&g but the general out-
line of pulse amplitude modulated R.F, 18
readily discernible, The second stage
of the receoiver, the converter, had so
narrow a bandwidth that the I.F, output
was barely recognizable as P.A}ﬁ.
.nevertheless, the intelligence of the

signal was preserved.

12) Point J - Output of the cathode follower., These
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remaining tests were made on a closed cir=
cult basis, in order to better demonstrate
the operation of the demodulator section,
By this means, the mis-shaping of the re-
celverts narrow bandwidth R.F. stages, was

avoided.

13) Point K - Output of a commercial low pasa filter, The
pulse was pretty well eliminated, leaving
the audio signal as the intelligence, A
low 1mpedance input to the filter was re-
quired for proper operation. Thus a cathode

follower stage preceded 1t.

14) Point L = Output of an M-derived constant-XK low pass
rfilter. This waas designed as an infinite
impedance device for the pulse repstition
rate frequency. The pulse esaentially was

eliminated at this point.

15) Point M = The sudio signal input to an externel loud-

speaker. The sinusocidal wave shape is of

particular intereste.
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Figures 3 and I} are schematic diagrams of the R.F. chassis and
the demodulator chassis. They are included because significant
modiflcations have been made in thoir originel design as re-

presented in progress report lo. 1.

CONCLUSTONS AND FUTURE PLANS

A pulse amplitude modulated transmitter and receiver was de-
gsigned and tested on 2 system basis, The received signal was

entirely intelligible,

It was noted that & comiercial cowmuniocations recelver could
recelve the transmitted signal adequately. This negates the
noasibllity of security in communications with a conventioﬁal

pulse amplitude modulated system.

The requirement of large bandwidth for pulse systems was demon~
strated, The efficiency of utilizing peak pulsed power as
agalnst large average power of conventional modulation systems

ves indicated.

The esignal-to-noise ratio of the sigsnai, as it appecrs at the
input to the receiver, could not be improved as it passed
throurh the recelver, This disadvantage 15 not true of cther

nulse modulation systems,
Oscillogranhs of the signal were ta%en at various stages of
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the transmitter and receiver and the wave fomms demonstrated,

It 1g planned to design a system of pulse posltion modulation,
and invesﬁigate its charaeteristics, It will be compared to
the pulse emplitude modulated system already tested,

A transmltter will be ﬁésignednﬁc’oparate at 50 megacycles

with wide bendwidth ceépabilitiss. This will be used as the
standard for a camparison'af all pulse modulatlion systems.

A wide band recelver to operste in conjunction with the 50 mega-

oycle transmitter will be designed,
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